Purpose The purpose of this study is to determine whether involvement of the dominant limb affects Disabilities of the Arm Shoulder and Hand (DASH) scores. Methods A convenience sample of 948 patients from 12 prospective studies that recorded hand dominance, affected side, diagnosis, and a DASH or QuickDASH score was used to assess the influence of involvement of the dominant limb on DASH scores. Diagnosis was categorized as traumatic and nontraumatic. Region was categorized as hand and wrist, elbow, and arm and shoulder. Results In bivariate analysis, involvement of the dominant limb, diagnosis, region, and sex had significant influence on DASH/QuickDASH score. In multivariable analysis, dominant hand condition, traumatic diagnosis, arm and shoulder involvement, and female sex were associated with significantly higher DASH scores (more disability), but accounted for only 10 % of the variability in scores.
Introduction
The Disabilities of the Arm Shoulder and Hand (DASH) instrument (and its shortened form the QuickDASH) is one of the most commonly used measures of upper extremityspecific disability [2, 10] . When completing the DASH, patients rate their ability to complete specific tasks (e.g., writing) regardless of which hand they use for the task [14, 18] . In contrast, the Michigan Hand Outcome Questionnaire (MHOQ) takes the affected side into account [5] .
One would expect that pathophysiology of the dominant limb would have a substantial and measurable affect on symptoms of disability. Hand dominance has an impact on the ability to perform certain activities such as writing [11] . Bot et al. in a study on individual DASH tasks after distal radius fracture showed that "write" score differs significantly when the dominant side is affected [3] . Conversely, a study of patients after proximal humerus fracture and a study of patients after surgery for axillary lymph node dissection found no difference in the DASH score when the dominant limb was involved [6, 12] .
All of these studies were small, confined to a specific region and diagnosis, and addressed the correlation between the DASH and involvement of the dominant limb as a secondary hypothesis. We felt that a large cohort of patients with a variety of diagnoses might provide useful information about the influence of involvement of the dominant limb on disability. This is part of a line of research that is attempting to distinguish the influence of objective pathophysiology compared to psychosocial factors on symptoms and disability. It is our observation that patients and surgeons tend to assume that impairment of the dominant limb will lead to notably greater disability than involvement of the nondominant limb, because it is more difficult to adapt to involvement of the dominant limb.
In contrast to the Michigan Hand Questionnaire, the DASH does not account for handedness. Therefore, this study tested the primary null hypothesis that there is no difference in the DASH/QuickDASH score between patients with upper extremity conditions involving the dominant or nondominant limb.
Materials and Methods
In this institutional review board-approved study, we used data from 12 prospective studies conducted between 2010 and 2014. We selected studies that recorded the following: hand dominance, affected side, diagnosis, and a DASH or QuickDASH score. These 12 studies included 1198 subjects with any type of hand-and upper extremity-related conditions visited at Orthopedic Hand and Upper Extremity Service. Eleven studies used the DASH, while only one study used the QuickDASH. We used the first DASH score from each patient in each study. Multivariable analysis addressed potential confounding factors including sex, age, diagnosis, and region of involvement that were available to study and also might have had an influence on the DASH score. The attending orthopedic surgeon determined the diagnosis and the region of involvement.
The DASH and QuickDASH scores were calculated using the equation: [(sum of n responses/n) − 1] × 25], giving a total score scaled from 0 to 100 representing best to worst possible score. A score was not calculated if more than three items on DASH or one item on QuickDASH were missing.
The exclusion criteria were missing data on limb dominance or involved side, involvement of both sides, and ambidextrous patients. After excluding 127 patients where dominance or involved hand was not adequately documented or the DASH/QuickDASH score could not be calculated, 12 ambidextrous patients, and 111 patients with involvement of both hands, 948 subjects were analyzed. Diagnosis was categorized as traumatic or nontraumatic. Region was categorized as hand and wrist, elbow, and arm and shoulder (Table 1) .
Statistical Analysis
The scaled DASH/QuickDASH score was the response variable. Explanatory variables included involvement of the dominant limb, age, sex, region, and traumatic vs. nontraumatic diagnosis.
Continuous data were reported as means with standard deviation and categorical data presented as absolute values with percentages. Pearson's chi-square and Fisher's exact tests were done for categorical variables. The DASH/QuickDASH score was compared between subgroups with the use of the independent sample t-test and one-way ANOVA for categorical variables and Pearson correlation for continuous variables.
To determine the independent influence on DASH/ QuickDASH score, variables were entered into a backward multivariable linear regression model.
Results
In bivariate analysis, the higher DASH/QuickDASH scores were significantly associated with involvement of the dominant limb (P<0.001), traumatic diagnosis (P<0.001), arm and shoulder region (P=0.001), and women (P=0.006) ( Table 2) . Post hoc analysis in terms of region showed that there was a significant difference in the mean DASH score between hand/ wrist and arm/shoulder problems (P=0.022), but there was no significant difference between elbow problems with either hand/wrist (P=0.39) or arm/shoulder (P=0.57) problem. In multivariable analysis, the effects of all four variables were still significant. However, the best model including all four variables only accounted for 10 % of the variability in the DASH/QuickDASH score. If there was any confounding between the variables, one may have dropped out of the multivariable model, indicating that each factor has an influence somewhat independent of the others (Table 3) .
Discussion
This study addressed the primary null hypothesis that there is no difference in the DASH/QuickDASH score between patients with involvement of the dominant and nondominant limb. We rejected the null hypothesis: there is a small but significant difference on average. Involvement of the dominant limb leads to greater symptom intensity and magnitude of disability (greater DASH scores).
There are several limitations to consider as well. Mixing diagnoses may have diluted the effect of involvement of the dominant limb. A prospective study of specific condition-particularly one with greater pathophysiology and objective physical impairment (stiffness, weakness, numbness, etc.) might find a greater effect of involvement of the dominant limb on the DASH scores. Another limitation is that we retrospectively analyzed and reused data collected from prospective studies. Furthermore, even though the data were collected prospectively, limb involvement and dominance was not consistently recorded, and the exclusion of the patients that did not have complete data might have affected the results.
In addition to the involvement of the dominant limb, sex, region, and trauma affected the DASH scores, which is consistent with prior studies [3, 4, 16] . The observation of higher scores with traumatic events might relate to greater adaptation to nontraumatic diseases over time. In addition, traumatic events maybe cause greater nociception and impairment on average-at least early on-leading to greater symptoms and disability. It is possible that studies of specific traumatic injuries would find a greater influence of limb dominance on DASH scores.
Prior studies of the influence of limb dominance on DASH scores were inconsistent and region dependent with studies in shoulder region finding no influence of limb dominance [6, 12, 16] , while studies of hand and wrist problems did find a difference [3, 4, 9] . Lee et al. showed that DASH score is greater with lower grip strength of the dominant hand in men [13] . We found that more proximal anatomical sites are associated with greater symptoms and disability. Perhaps more proximal problems are more difficult to adapt to, or perhaps the hand or wrist needs to be involved for limb dominance to affect symptoms and disability.
Involvement of the dominant limb seems to have a small, somewhat inconsistent effect on the upper extremity-specific disability, perhaps varying by anatomic site and type of injury or impairment. Given that the average difference between involvement of the dominant and nondominant limb was less than the minimally important difference noted in prior studies [7, 17] , the differences in symptoms and disability when an illness involves the dominant vs. the nondominant limb may be negligible. This is somewhat counterintuitive given how much we rely on our dominant hand for daily activities.
One would expect that pain or impairment of the dominant limb would have a more substantial effect on symptoms and disability, particularly when measured using an instrument such as the DASH that does not account for involvement of the dominant limb. On the other hand, this finding is consistent with studies that show unexpectedly limited differences in responsiveness between more general (e.g., SF-36) and more specific (e.g., DASH) measure of symptoms and disability [1, 8] . Given the growing evidence that psychological factors are the key determinants of symptom intensity and magnitude of disability [15, 19] , it may be that involvement of the dominant limb is less important than one's ability to adapt to symptoms and impairment. In other words, evidence is accumulating that on average, symptoms and disability are influenced more by mindset and circumstances, than by specific types of pathophysiology or impairment, including involvement of the dominant limb.
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